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(57) Abstract: A cleaning sheet is previdcd. lite cleaning sheet 
indodes m fabffc layer with a^orality of cavities in at kast one 
mi^ xuriao:. T» ui» cfobuUimeiil, TMv 1ay«r surface mziml to 
a llaaibia li^w so as to dalbo on outer fehric surfm with a 
raliiy of cavlilet thersia. The cevWct can Indode a tacky bonom 
smfice cipable of eohaacliQ the rateatlDa of dost and other pani- 
cles. Oeanteg ifflptaBcali mtd methods of daaoiog sorfacca Qsing 
the deaidng afaaat asa also described. 
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CLEANING SHEET WITH 
PARTICLE RETAINING CAVITIES 

BACKGROUND QF THR ART 

Dust ctoths for lemoving dim fiom a 5iir&i» to be 
generally known. Such loown dust cloths may be made of woven or ncni^^^ 
and are often sprayed or coated with a wet, oily substance for retai^^ However* 
such loKmrn dost ctoths tend to leave an oily film on Ae surfic^ 

Odier dust clodis utilize composites of fibers bonded together via adhesive, mdt 
bonding, entanglement or other forces. To provide durable doths^fhe staple fibers can be 
combined with sraie ^e of reinforcement, such as a continuous filament ornctwoik 
structure. Other ctoths have attained die desired durabiKty by employiog fibers which a^ 
strongly bonded together, e.g., via adhesive bonding or melt bonding. While having good 
durabi lity , sudi cloths may be less effective in their ability to pick up and retain 
particulates lite dust and diit 

Other Imown dust cloths incbde nonwoven entangled fibers having ^aces 
between die entangled fibers for retaining the dust The entangled fibers maybe siqyported 
by a netwoik grid or scrim istnicture, which can provide additional strength to such cloths. 
Cbdis of this type can become saturated with the dust during use (i*e. , dust buildup) 
and/or may not be completely effective at picking up denser particles, large particles or 
otherdebxis. 

Accordingly, it would be advantagiBODS to provide cleaning sheets ttat can pidc-up 
and retain debris. Such a deaning sheet would preferably be cqiable of retanung 
rdatively laige and/or denser particles of ddms while at the same time bdng veiy 
effoctive for picking up and retaining fine dust paiticlea. 

The present invention relates generally to deaning sheets for use m deaning 
surfaces, e.g., in die home or work environment More particularly, the invention relates 
to a cleaning sheet for collecting and retaining dust, larger particles and/or odier debris. 
The cleaning sheet includes a surfiice covered with a fobric material capable of pidking up 
and retaining particulate matter and other debris, such as hair and lint The outer surfiice 
of the fobrie matmal inchides a plurality of cavities tfaerem. The cavities am typically 
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brgo* rdative to the particulate matter Ihe cleaoiog sheets ate designed to retain, eg., 
commonly having a mss-sectional area ofat least 3-4 mm^ The fid)iic material may 
optionally be treated with and/or incorporate therein a dust adhesion agent to enhance its 
efifectiveness* 

The cleaning sheet can include a fibxic layer secured to a flexible backing layer so 
as to define an outer fabric sur&cc with a pluraUty of cavities therein. The cavities 
commonly include a tacky sor&ce. The cleaning sheet may include adheave disposed 
between the fidnic layer and the flexible backing layer. In such an embodiment, tiie &bric 
layer can have a pluraUty of I4>ertures therettirou^ which expose at least a portion of the 
adhesive therd>y fanning cavities which have a tacky bottom surface. Thepresent 
deanii^ sheets gencraUy have a breaking strength of at least SOOg/30 inm and an 
dongation at a load of 50Qt/30 mm of no more Oan about 25%. 

In another embodiment^ tfaft deaniiig kheer has a firat aarfitftfe iti^tii^ing ^ n^nf^vfn 
fiber aggregate layer, A flexible baddiKg layer is secured to the nonwoven fiber aggr^ate 
layer. The first surfiwe has a pIuralilyofGavities therein, which inchide a tacl^surfiice 
capable ofrttainingpartictes^ such as dust and dirt The nonwovea fiber aggregate layer 
may be secured to the Sodble backing layer by an mtervemng adhesive 1^6r» e.g^ a layer 
ofpressure sensitive adhesive. A suitable nonwoven fiber aggr^e layer is jfomiedfipom 
a loosdy entangled fibrous wdb which has a plurality of apertures therethrough. Sucha 
fibrous wd> typically has abasis w«ght of 30 to 100 g^m^ and aCD initial moduhis 
C*entar^ement coefficient) of no more than 800 m. 

As used herein, the tenn *'entanglement coefiiciait" refers to the initial gradient of 
the stress-strain curve measured widi req>ect to Ae direction perpendicular to die fiber 
orientation m the fiber aggregate (cross machine direction). The entanglement coefficient 
is also referred to herein as the **CD initial modulus.** Suitable nonwoven fiber aggregates 
for use in forming die present cleaning sheets have an entanglement coefficient of 20 to 
SCO m (as measured after any reinforcing filaments or network has been removed fimm die 
nonwoven fibrous web) and» more typically^ no more than about 250 xsl 

Qeaning sheets according to one onbodiment can be produced by coating an 
adhesive lay^ onto at least one sur&ce of a flexible backing lay^ . A fibric layer» such as 
a nonwoven fiber aggregate layw having a plurality of spertures therethrough, can then be 
secured onto the coatiag of the adhesive. Alternatively, a composite material having a 
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sm&ce covered with a febiic layer with a plurality of cavities therein can have adheave 
selectively ^lied to a stufiu^e within tbt cavities, by qnraymg a sohition or 
dispersion of a pressure sensitive adhesive onto the bottom sur&ce of the cavities. The 
fibxic layer can be secured to a flexible backing l^er by any of a number of conventional 
5 methods^ e.g., via point melt bonding, adhesive bonding or stitching. 

The entanglement coeffidat (also refined to herein as **CD initial moduhis**) as 
Qsed hetdn is a measure iq)reseattng the degree of entanglement of fibeis in ^ 
aggr^ate^ The entanglement coefficient is expressed by the initial gradient of the strcas> 
strm curve measured wifii reject to die <Urecdon peipendicuhnr to Hno fiber orientation in 

10 Oie nonwoven fiber aggr^ate, i.e.» in ttie ooss machine direciion Ccross dixecdon** or 
XD'y A smaller vahieoftbeentai^ementeoefiBdent represents a smaUerde^ 
cntaiigilement of die fibers. The tenn ^stress*" as used herein means a value wfaidi is 
obtained by dividing die tensile load vahie by the chucking widdi (Le. the width of the test 
ship during the measurement of die tensile streogOi) and the basis wrigjit of die nonwoven 

15 fiber aggregate. The teim^'sti^n*' as used herem is a measure ofdie elongation of the 
cleaning sheet material 

The term *1>rea]dng strength** as used herein refos to the value of a load (i.e. the 
first peak value during the measurement of the tensile strength) at which the cleamng sheet 
b^ins to tnieak vAken a tensile toad is applied to the cleaning she^ 

20 As used herein, die temi ''elongation^ refers to die relative increase in 1^^ 

percent) of a 30 mm strip of cleaning she^ material ^en a tensile load of 300 g is q)plied 
tofliestrip. The strip is dongated at a rate ofSOmm/min in the direction pen>endicuiar to 
the fiber orientation 0.e, in die cross madiine direction). As used herein die tenn 
"nonwoven fiibrtc or wd>** means a wd> having a structure of individual fibets or threads 

25 wfaidi are interlaid, but not in a rogidar or identifiable ma^ 

term also inchules individual filaments and strands^ yams or tows as weU 
fifans diat have been fibiillated, motored, or oOiemise treated to biq»it fibric-like 
properties. Nonwoven fidmcs or webs have been fonnedfiom many inocesses such as fb^ 
example^ meldilowing processes, qpunbonding processes, and bonded carded web 

30 processes. The basis w^ghtofnonwovenfiddcs is usually ej^essed in ounces of 
material per square yard ("os/0 or grams per square meter C'gsm"). Fiber diameters 
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usefU are usually expressed in microns. Basis weights can be converted fiomosy to gsni 
simply by multiplying the value in osy by 33.91 . 

As used herein the term "^crofibers" means small diameter fibers having an 
average diamder not greater than about 75 microns, for example, having an av^ge 
dia me te r of fix>m about 0*5 micnms to about SO microns, or more particularly, miciofibers 
mqr have an aven^ diameter offiomdwut 2 inieitms to about Another 
fiequently used expresatim of fiber diameter b denier, ixdueh is <tefined as grams per 9000 
meters of a fiber and may be calculated as fiberdiameter m micions squared, multiplied 
by die dtamty in grams/cc, multiplied by OSKTim. For example die diameter of a 
polypropylei»j5ber given as IS microns maybecmverted to denier by squaring the 
diameter, nuiMplyiog the result by J9g(oc and imdtqil Tfau3» a 15 micaron 

pol>T|Hopylcne fiber has a denier of about 1.42 (15^ x 0.89 x .00707 = 1.415). A lower 
denier indicates a finer fiber and a higher doner indicayps a Ihiclur or heavier fiber. 
Outside the IMted States the unit of measurement is more commonly tiie *tex**, which is 
defined as die grams per kilometer of fiber. Tex may be calculated as deniei/9. 

As used herein, die term *^verage ooss-sectional dimension** refers to die average 
dimension ofacavi^ in an outer fabric sur&ceofthe present cleaning sheet The 
^'average cross-sectional duncndon** C'ACSD*') is equal to one half of the sum of the 
lengdi of the longest cross sectional axis of the cavity plus the cross sectional axis 
perpendicular to the longest cross sectional axis C^^» i.e., 
ACSD-(L' + L'y2. 

The term **cross-sectional area"* is used heron to n^fer to the area of a cavity in 
outer plane of die fibric sur^ (i.e.» in the cleaning suifice). Kfost cavities will not have 
sides which are p^endicular to diis plane and, dius, die cross-sectional area of a cavity is 
often larger than the area encompassed by die bottom of the cavity. Wheredietetm 
"^cross-sectional area** is used in reference to a perforation (hole) durough the fabric layer, 
it Ukfiwise re&is to the area of the perforation at the outer plane of the falmc sur&ce. 

It is important to note diat die terais "surface** and ''surfiu:e to be cleaned*' as used 
indiisdisclosurearebroad temis and are not intended as tenns of limitation. The term 
surface includes substantially hard or rigid sur&ces (eg,, articles of fiuniture» tables, 
shelving, floors, ceilings, hard fiimishings^ housdiold qipliances, and the tike), as wdl as 
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reiatively softer or semi-rigid surfaces (e.g.» nigs» caipets» soft fumishiiigs, linens, 
clothing, and the like). 

It is also important to note that the term "^debris" is a broad term and is not 
intended as a tsm of limitation. In addition to dust and other fine particulate matter, the 
temi debris includes cdatively large*sized particulate material^ e^g., having an average 
diameter greater than about 1 mm^sudi as large-sized dirt» soiL Unt, and waste pieces of 
fibers and hair, which may not be collected with conventional dust rags» as weO as dust 
and other fine dbi particles. 

Throughout Ms appUesAcn^ the text lefm to various embodiments of the cleaning 
sheet. The various erobodimenis described are meant to pnvvide a van 
examples and sfaouUnotbe construed as descriptions of altenudveqpecies. Ratheril 
should be noted ttuit the descriptions of various embodimoits provided herem may be of 
overiapping scope* The embodim^ts discussed herein are inerelyillustmtive arid are iiot 
meant to limit the scope of the present invention. 

. BRIEF DESCRIPTIQN OF THR FTfiTTRR^ 

Figute 1 shows a plan view ofoneexaiiqpleofariofiwoven fiber aggregEte layer 
which can be used to form a cleaning sheet 

Figure 2 shows a plan view of one example of a fleodble backing layer whidi can 
be used to form a cleanirig dieet 

Figure 3 shows a cross-sectional view of one embodiment of a cleaning she^ 

Figure 4 shows a {dan view of a lattice^like network sheet which can be used to 
reinfoice a nonwoven fiber aggregate layer employed to produce one embodiment of the 
present cleaning sheet 

Kgnie S diows a cniss-sectioiial view of one embodiment of a nonwovm 
aggregate layer whidi can be employed to produce a cleaning sheet 

Figure 6 is a grq^h drawir^ a stress^stram curve fin* a typical noriwov^ 
aggr^e l^er whidi can be used to fimn a deanmg sheet 

Figure 7 shows afAotogtqih of an escainple of a perfimted nonwoven aggregate 
Iqra used to form the deaning sheets described in ficample 1 hereiiL The lower half of 
the photogtaph diows a cones po nding nonwoven aggregate layer without any 
perfbraticms. 
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Kgure 8 depicts a dust mop which tocludes an exsanple of a cleaning sheet 
removably mounted on a cleaning head 

nRTAn,Rn nPigrPTPrrnM 

The present cleaning sheets are suitable for cleaning and removing particulate 
S material (e.g.» dust, sofl and ottier aiibome matter) and other debris^ such as tint and hair, 
fiom a variety of surfaces. The sheets are particularly suitable for cleaning hard, rigid 
surfiices but may also be utilized on relatively so ft surfaces sudi as caip ets» rugs> 
upholstery and other soft articles. The dimensions of the cleaning sheet are not believed to 
be critical to the present invention. The cleaning sheets can have a wide variety of shqies 

10 and sizes whidi (me sidUed in the art will understand can be varied as desired to 
aoootmmodate diflbrent types; shq>es and/or sizes of spedfic sur&ces to be dea^ 

The present cleaning sheets can mdnde a fibriclayer secured to a flexible baddng 
IflyersoastodefmeanonterfibriesurfinewidiaphiraUty ^Vhileitisnol 
lecpuredtOe cavities gofietalfy include a tad^sorfim The tadcy suffice typically 

15 includes pressure sensitive adhesive. In one embodiment oftfie invention^ die deantng 
sheet inchides an adhesive layer disposed between a perforated fid^ric layer and die 
flexible backing layer. In sudi an embodiment, perfiorations in die &bric layer expose a 
portion of the adhesive layer, therd>y fbnning an outer &bric 8ur£ice with a phuality of 
tacky bottomed cavities. The otter portions of adhesive layer can serve to secure the 

20 backing l^er to die fibriclayer. 

The cl eaning sheet may b e fomied fiom a perforated fibric layer secured to a 
flexible baddng layer in another manner, e«g., via stitching or melt bonding. 
Alternatively, the cleaniQg sheet may conast solely of a dudcer fibric layer with a 
plurality cavities in at least one major surfice* In dUier instance, an adhesive (such as a 

25 PSA) can be ^yed or coated onto die bottom sufices within die cavities to fi»^ 
suffices dierein. 

The cavities 4 in the outer fibric suffice can trap and reUdn a significant amount of 
debris. For exanq>le»ddxris can bo embedded against a waUofdie cavity in addifo^ 
adhesive on a "tad^surficevntfain die cavity. Cavities 4 are shown in Figure las 
30 having a circular diape^ but iiiay be any shqw or combination ofshapes such as rounded, 
j^ged, irregular^ etc. For example, d^ cavities b die outer suffice ofthe fibric layer may 
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be rectangular. Star, oval, or irregolar shaped The cavities may be disposed in a regoiar 
pattern, as depicted in Figure 1 or may berandomfy ananged in the outer sur&co of die 
fabric layer. 

The cavities ait generally of a sufSdent size to allow significantly sized dd>ris 
(e.g., up to 2-4 mm) to pass through and come into contact with the adhesive coated 
surfice. After passing tfaiou^ the holes, Ac debris can become entr^ed in part by the 
fibric of side of the holes (i.e^ cavities) of tiie outer &biic layer in addition to interacting 
with tiie adhesive in be cavity. According to a suitable embodim^ the average cross- 
sectional dimension oftfie cavities range from about 1.0 to 10.0inm,mGresttitd>lyinthe 
range of about 2.0 to S.O mnu 

The size and dq>th of Ae cavities diouU preferd>ly be large e 
adhesive fiom niaking substantial contact with llw suiftce to be 
tune creating a stt£Bdent sized ^'pockefMn the cleanii^ soiftce of the fi^^ 
entrained debris fiom scratching the sur&ce being cleaned. The cavities are preferably not 
so deqp, however, that it is difficult for debris to be brought into contact with the adhesive- 
coated surface within d^e cavity. The cavities tyirically have an avenge dq»th of about 0. 1 
to S nun, more suitably 1 to 3 ami. 

The size of die cavides can also be characterized in toms of dieir average cioss- 
sectional area. Each ofcavities in the outer sur&ce (Cleaning air&ce*Ooftfae^ric layer 
has a cross sectional area. The average ooss sectional area ofcavities in the fsdmc layer b 
generally at least about 1 .0 mm^ more suitably in the range of abotit 2.0 to 100 mm^. 
Typical cleaning sheets have a phirality of cavities widi an average cross sectional area in 
Oe range of about 5.0 to about 25.0 mm^ The cross sectional area of all the cavities 
relative to die total sur&ce area of the exterior surfi»e of die fibric layer is generally at 
leastabout5%. The total cross secdonalaieaofdie cavities is conmsonly no inore than 
about 25% ofdie total 8urfi»e area. Examples of paxticuholy suitable cleanii^sheeu 
indu& dune where die cross sectional area of aU die cavities relative to the t^ 
area is about 10% to 20%^ aKhou^ die cavities may make up a Uffger percentage of die 
total suifice area ofa cleaning sheets e.g., up to about 40% ofdie total area. Thenumber, 
dqidi and average cross sectional area of die cavities can be sdeded to allow maximum 
amountof debris to be ooUeded in die cavities, while maintaining a sqpaiation between 
the adhesive and the surfiice to be cleaned. 
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As mentioned above, the cleaning sheet is tiiick enough to pennit eavities of 
Sttfficient depth to entrap particles withmit rfamflgjng thft siirftrf to be clcmcd- The 
cavities should also be of sufRcieot depdi to prevent adhesive fiom being dq)osited from 
the tacky surfaces within Ore cavities onto the sur&ce being cleaned. Typically, the 
cleaning sheet has an overall thickness of at least about I mm and, suitable cleaning sheets 
often have Sicknesses ofaboutl^ mm to 3 mm. In order to accommodate cavities of 
SttfiSdent itpfh, the fibric layer of the cleamng sheets is commonly at least about O.S mm 
thick and preferably, about 1mm to 2 mm thick. As noted dsewfaere herein, some 
embodiments ofthe cleaning die^ may not mchide a flexible baddng layer. Sucfashe^ 
may be fimned irom a shghtly tfaicto fibrie layer (e.g.» alxmt 
inchides cavities of up to about 14 mm in dcpdi in at least one of its maj^ 

In yet anodier enibodiment, the cleanbg sheet may be formed from a sin^ layer 
of fibric material. In this instance^ the ftbric layer in generally somewhat thicks The 
flexible baddng \ayct whidi is present in odier embodiments of the cleaning sheet 
typically serves to provide strengtti and dnnensi(malstd>iH9 to ttie A Thesefimcdons 
may also be provided by a suitd>lydedgnedfibrie layer. Such she^ are suitably ttick 
enough to include a phirality of sqiporting filaments and/or a supportiog network sheet 
widiin die layer. 

According to a particularly suitable embodiment, die cleaning sheet includes an 
outer nonwoven Seibric layer formed from miaofibers. The mmwoven fiibrtc layer is 
typically a loose aggregate of the microfibei& The denio* of die fibers in the fiber 
aggregate* die length, the cross-sectional sh^ and die strengttiofthe fibers used in the 
lumwovai fiber aggregate are typically also d^ennined with an eye toward processability 
and cost, among odier ftctors. The microfibers conmionly have a doiier of ^ut 0.1 to 6 
and, mm typically* about 0 J to 3. One example of a suitable nonwoven fibric for use as 
die outer surfi»e 1 ayer of a cleaning sheet is nonwoven fiber aggregate layer formed fimn 
a nnixture of relativdy diidm micnifiben having a denier of ^ 
finer fibers having a denier of no moie dian about 0.9 and generally at least about Q.2 
(preferably about 0.S to 0.9). Such nonwoven aggtegatBsfi)r use in producing die present 
cleaidng sheets suitably have sudi diicker and finer fibers present hi a weight ratio of 
about 50:50 to about 20:80. 
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Figure 3 shows a cross-sccticma) view of one embodiment of the present cleaning 
sheet The nonwoven aggregate layer oftfas cleaning sheet 13 shown made of an entangled 
tietwoik of nonwoven iibos 1 having a plurality of holes 4 (perforations^ therethrough. 
Pores which can also trap ddms are fonned by ttie qpaces between the entangled fibers in 
the nonwoven l^er O-c, idbiis can be r^ned b^een the fibers that form the nonwoven 
aggregate layer). Larger particles and other debris can be entiqq^ed and retained by the 
adhesive layer 3 y/hizh is exposed by the perforations 4 in Oie nonwoven fidmc layer 1. A 
flexible bttldng layer 2 is secured to the nonwoven layer 1 by die adtedve layer 3. 

In another embodiment a web or lattice (cliown as a scrim) may be emb edded in 
and support the fibers ofdie nonwoven layer. The sciim is commonly integrally 
ctnbedded williin the fibers of the nonwoven aggregate layer to form a nnitaiy stnictore 
finrthelayer. The scrim typically indiides a net haviiighori^ 
vertical monbexs arranged in a ^'tittwo^ configuratioiL Spaces (shown as holes) are 
fimsed between votical members and horizontal members to give scam a mesh or lattice- 
like stnictura. Aoc<mling to varioosembodiments^ the horizontal and vertical memb 
the scrim may be connected together in a variety of wi^ such as woven, spot welded* 
cinched, tied* etc Oiie example ofasudi a lattice which niay be used to provide siq^M^ 
for die nonwovoi layer during processing and use is shown in Figure 4. 

To attach the fibersto ascrim» diereby forming nonwoven fiber aggregate layer as 
aunitary structure, the fibers may be overlaid cm each side of the sctirn. Alow pressure 
water jet can then be qq>Iied to entangle die fibers of the nonwoven fiber aggr^ate to 
eadi odier and to the scrim (i.e., hydroentanglement) to form a relatively lose 
entanglement of nonwoven fibers. Hydtoeotanglmcot of the fibers may be iiudier 
increased during removal (e.g^ drying) oftfie water from die water jet Thefibersmay 
also be attached to dte netm>ik sheet by odier rnefltods Imown to those of dd^ 
(e.g.» air Iaid»adheave, woven). The fibers are typically entangled ordo die wd> to fi>tm a 
unitary body» which can assi^^ in preventtng * "sheddincf ' of the fibers fi:om die wd> during 
cleaning* Figure 5 shows one example ofascrxiii-supported nonwoven l^er 11 v^eh can 
be otiKzed as die fidnip layer in formii^ the present cleaning dieets. The cross-sectional 
view of die scrim*supported nonwoven fiber ^ggr^ate 1 1 ^ws the filaments 12 
embedded within an hydroentangled mmwovcn fiber web 13. Holes are ^ically cut out 
of die nonwoven material fiom spaces between die filaments or grid of the network sheet 
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As febric layer used to fbnn the present cleaning sheets, a nonwoven a^cgate 
layer having fibers with a large degree freedom and sufiRcient strengOi is advantageous for 
eflFectivcly coUet^g and retaining dust and larger partioilates within the cleaning sheet 
In gaeral, a nonwoven fiAric fimncd by the entanglement of fibers involves a hi^er 
d^ree of freedom of the constituent fibers than in a nonwoven fabric formed only by 
fusion or adhesim of fibers. The nonwoven fibric formed by the mtanglonent of fibers 
can exhibit better dust collectiQg perfimnance through the ^taoglemoit between dust and 
thefiberaofthemmwDvenfidmc The degree ofAe entanglement offibeis can have a 
large efibct on the retention of dust Hut is» if the entanglmeat becomes too stroog, the 
fipeedom of fibers to nusve win be bwer and die retention of dust is s^necaUy de 
In contrast, if die entanglement of die fibers is very weak, the sticngtfi of the noxi^ 
fibric can be mailcedly lower, and the proeessability of die nonwoven jbbric m^ be 
problematic due to its lack of strcagdL Also« shedding offibmfinm die nonwoven fabrfe 
is more likely to occur fifom a nonwoven aggregate with a very low degree of 
entai^onent 

A aiitable nonwovoi aggregate fbr use in producing the preseal cleaning sheets 
can be formed by hydmcntangling a fiber wd) (widi or widiout embedded supporting 
filaments or a network sheet) under relatively low pressure. For example^ die fibas in a 
carded polyester nonwoven w* can be suflBciendy entangled widi a network sheet by 
processing die nonwovoi fiber webs witii water jetted at high speed under 25-50 kg/cm^ 
ofprcssure. The water can bejettedfiom orifices positioned above the web as it passes 
over substantiaUysnioodinon^iorous supporting drum or belt The orifices typically have 
a diameter rangmg between 0.05 and 0 J mm and can be suitably arranged in rows beneadi 
a wato supply pipe at intervals of 2 meters .or less. 

The supptming filaments andAnr netwodc dieet may be finrned fiosn a varied of 
materiab^suchaspolypropylene^nylon, polyester, etc. Exemplary webs (Le;, scrims) are 
described in US. Patent Na 5,525^97, die disclosure ofwhich is herein Incorporated Iqr 
reference. Suitable materials whidi may be used to fimnttie netwodc sheet may be 
selected Snm, fyt exaniple^ polydefins sudi as polyediykne, polypropylene and 
poiybuten^ olefin copolymers fi>rmed fifom monomers such as ediyleae, propylene and 
butene; olefin-vinyl ester copo^mers, such as ed^lene-vii^l acetate copolymers; 
acrylonitrile polymers and copolymers; polyesters such as polyed^lene terephthalate and 
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potybutylene terephflialate; polyamides such as nyion 6 and n^on 66; aciytonitrilcs; vinyl 
polymers such as polyvinyl chloride; vii^lidene polymers such as polyvinylidene 
chloride; modified polymers; and mixtures thereof 

The nonwoven aggregate layer used to form die present cleaning sheets typically 
has a relatively smoofli su£ice q>art from some giidiering of tt^ 
portions immediatdy adjacent to a supporting network (see, e.g., the cross-sectional vievif 
dq>icted in Figures). This ia» however, not a r eq uir ement as nonwoven sheets hacving a 
relatively 'Nvav/' surfiice, i.e.» having a plurality of peaks and valleys with dimensions 
smaller than those of the cavities in the surfiice^ may be enyloyed. Examples of sudi 
materials are described in U.S. Patent 5310*590, bitttnational Patent ^yplication Nd 
98/5245 8 and JqfMmese Laid Open Patent Document No. 5-25763 Oaid open on Febniary 
2, 1993), the disclosure ofwiiich is herein incorporated by reference. Oaemediodof 
fimoairig such wavy sur&ced dieets is to hydroentangle one or niore la^ 
fibers widi a thermally shrinkablesi^portingscrinL After hydrooitangling a nonwoven 
wd> with tiie siqiq[>orting scrim die resulting structure can be subject 
so that the structure is dried as die scrim is simultaneously shrunk. Oneeocanpleof a 
method of producing such a sheet is set forth in Exanq)le 2 herem. 
BacKine Material 

The outer cleaning surface of fabric layer 1 is a generaUy smoodi and compliant 
(e.g^ flexible) generally planar ^eet for cleaning deUcate sur&ces (e.g., wood, glass, 
plastic»etc.)orhardsur&ces. Backing layer 2 may be more rigid and/or have a greater 
basis weight than fid)ric layer 1 to provide support and structure to die cleaning sheet 
According to odier altonative embodiments^ a space or other intermediate layers may be 
positioned between the bacUng byer and the outer fibiic layer. 

A varied of materials are sdtdile for use as a backiiig in the present dean^ 
sheets so long as this layer has the desired dq^ree of flexibifity and is ^ 
sufficient support to die sheet as a whole. Examples ofsuitable materials fi>r use as a 
backing layer inchide a wide varied of Hghtweig^ (e.g.» havmg a basis weight of about 10 
to 75 gAn^ flexible materials cq>able of provitfing die sheet widi sufficient strengdi to 
resist tearing or stretching during u%. The backing layer is typically rdativeiythin» eg., 
has a ttuckness of about 0*05 mm to about 0.5 mm, and can be relatively non-poroos. 
Examples of suitable materials include spunbund and Aermal bond lumwovens sheets 
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fonned fiom synthetic and/or natural polymers. Other backmg materials which can be 
utilized to produce the present cleaniog sheets include relatively non-porous, flexible 
layCTB fbmsed from polyester, polyamide, polyolefin or mixtures ftereof. The baddng 
layer could also be made of bydroentangled nonwoven fibers so long as it meets the 
performance criteria necessary for the particular application. One ^ecific example of a 
suitable backing layer is a spun bond polypropylene sheet with a basis weight of about 20 
toSOgtol 

Physical Parameters of the Qcanmy 

The cleaning sheet ^ically has a relatively low overall breaking stragth hi order 
to preseive a Tdative amount of flexibility. The teDtn*%reakii% strength** as used in this 
disclosure means the value of a bad (i the first peak vake durix^ the measurement of 
the tensik strei^) at wfaicfa the cleaning sheet begms to fa^ 
applied to file cleaning sheet The breddngstrengOiofaBdieet should, however, be high 
enou^ to prevent *'diedding^ or tearing of the cleanmgdieetduri^ Thebieaking 
strength of Oe cleaning sheet is typically at least about SOO g/30 cm and cleanmg dieets 
widibreakiiv strengths of MOO ^0 cm to 4,000 gOO cm are quite suitable for use with 
the cleaniiv implements described heidn. 

The cleaning sheet typically tnchides an outer nonwoven fiber layer vMA has a 
rdatively low basis wdght as fte outer fabric layer G.e.» the material on the cleamng 
sur&ce of the sheet). According to a particular^ suitable embodiment, ttie nonwoven 
layer has a basis weight in die range of about 20 to 150 g^m', preferably 30 to 75 sfm\ 
A low basis wmght can assist in providing a "stream-line'' or comptt 
cleaning sheet 

. Where intended to be used with a cleanmg utensil, mountmgstnicture or the lil^ 
the cleanmg sheet typicaDy has a relatively low overall elcmgadon to assist in resisting 
'"bunching'* or '•puckering of tfie cleaning dieet The tenn "elongation" as used m this 
disclosure means the elongation percentage (%) of die cleanmg sheet when a tensile load 
of S00.0 g/30.0 mm is appUel For example, when designed to be used in conjuncdon 
widi a mop or similar cleamti^ inclement where the cleanmg dbeet is fixedly mounted^ die 
pxesoit cleanii^ sheets typically have an dcmgadon of no more than about 25% and, 
prefimbly, no more than about 15%. 
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The basis weiglit of the nonwovcn fiber aggregate generally Ms within the range 
of 30 to 100 g^^ and, typically is no more dian about 7S g/m^. If the basis wei^t of the 
nonwoven fiber aggregate layer is less than about 30 efto?^ dust may pass too easily 
through the nonwoven fiber aggregate during the cleaning operation and its dust collecting 
cq)acity may be limited. Ifthe baas weight ofthe nonwoven fiber aggregate is too Iarge» 
e.g^ substantially greater than ISO g^^ the fibers in the aggregate and die netwt^ 
generally may not be suifidendy entangled widi each other to achieve a desirable degree 
of entanglement. In addition, fiie processability of the nonwoven aggregate can worsen, 
and shedding of the fibers fiom the cleaning sheet may occur more frequently. The denier 
of Ihe fibers hi the fiber aggr^gite^ ttie leogOi, the ccoss^tional shape and 
die fibm used in the lumwoven fiber aggngate are gicneraUy deteimined m 
towaid processability and cost, in additicm to fiictors relating to performance. 

In cases v/bm die entanglement coeEBcient of the fiba aggregate^ which is 
oqnessed by die initial gradient of die stress-strain carve measured widi leqpect to the 
direcdonpeipendicular to die fiber otientadon O-c* initial modulus'^ is to be set at a 
value liot greatff than 800 ni, as in die cleanmg dieet in accordance 
invendon> it may be difficult for a she^ which is constituted only of a fiber aggngate^ to 
achieve die vahiesofdie breaking strength and the elongation described above. In order 
to die entanglement coefficient at a value not larger dian 800 m, a network sheet and 
die fib^ a^regate can be entan^edandcombined widieacho&er into a unitary body for 
use as die fabric layio* in die cleaning sheets. By entangling the fiber aggregate with die 
network sheet mto a unitary body, and the elongation of this layer is kqpt low and its 
processability can be enhanced Shedding of the fibers fiom die cleaning she^ m 
accordance with the present invention can often be markedly prevented as compared with 
a conventional entan^ed dieel, whidi 18 constituted only of a fiber aggregate in 
approximately die same entanglement state as that in die fib er aggregate of die cleaning 
dieet in accordance with die present invention. 

If the entanglement coefficient is too small, e.g., no more dian diout 10 to 20 m, 
die fibc» will not be sufficiently entaiig^ed together. Li addition, die entanglement 
between die fibers and the network dieet will likdy be poor as welL Asartsultahedding 
ofdie fibers may occur fipequen^. Ifdieeatan^ement coefficient is too larger e.g., 
greater dian about 700 to 800 m, a sufficient degree of fieedom of die fibers cannot be 
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obtained due to too strong ^xtaQglement Tliis can prevent the fibers fiom easily 
entangling with dost, hair and/or other debrisi and the cleaning perftrmance of the sheet 
may not be satisfactory* 

The degree of the entanglement of tlie fibers deptads on the entanglement energy 
qipfied to the fiber web during the entanglement process. For example, in the water 
needling process, the entanglement energy ^lied to the fiber web can be controlled fiom 
fte view pomt of the type of fibers, the basis weight of Ae fiber web, the numb«" and 
positioning of flie water jet nozde^ the water pressure and the line spceA among other 
Actors. 

b cases where the network dieet is a fiber net, sudi as shown in Figure 4, the 
roedi, the fiber diamete, the distance bdween fibers (and Gonsequeotly the dzB of 
holes) and die canfiguratioa of the holes are gBneraUy determined fiom die view point of 
the local entanglement wkBi file noriwoven fiber aggregate. Specifically, the diameter of 
Oe holes (^gaps^ typically fidlswithm the rang^ of 5 rm Stated ofterwise, 

the distance between adjacent parallel rows of fibers commonly fills within die range of 5 
imn to 30 nnn, and moro preferably £dls within die range of 10 mm to 20 rnm. 

llie fibcra used to form die fiber aggregate are suitably rnade firom any of a numto 
of thermoplastic fibers such as polyesters (e.g., polyediylene tae|dithalateX potyamides 
and polyolefins; composite fibers thereof, divided fibers thereof and ultra dim fibers 
thereof, such as produced by a melt blown process; semi*synthetic fibers such as acetate 
fibers; regenerated fibers sudi as rayon; and natural fibers such as cotton and blends of 
cotton and odier fibers. The fibers typically have a denier of about 0*2 to 6, more 
preferabfy 0.5 to 3. 
Adhesive 

Versions of die present cleamng sheM which employ adhesive, typically inchide a 
suffieni amount of adhesive to render a surficewidiin the cavities tad^ without having 
excess adheave that could be transfened to a surfice being cleaned This means diat die 
fiben in die adhesivo^ontaining areas are generally coated widi adhesive at or below die 
saturation point The levdofadhesivepreseiUdiould be sufEciem to iinpart die treated 
fibers widi die capability to demonstrate adhesion of larger particles brou^t into direct 
contact widi die treated fibers. Suitable cleaning sheets often inchide about 0.1 to 5 wt% 
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and, more typically* about 0*5 to 1 wt% adhesive (as a weight peicentage of Oie total 
weigbt of tte cleaning sheet). 

A wide vari^ of coatable and/or sprayable adhesives can be used to produce the 
present cleaning sheets. Exanq>Ies of classes of adhesives that are suitable for use in 
forming the |»resent cleaniz^ sheets inchxde silicones* polyolefins* polyur^hanes, 
polyesters* accylicSynibber-resin and polyamides. Pressure sensitive adhesives CTSAs*^ 
are paiticulazly suitable fiiruse in fonning tacky surface(s) in the cavities in (he present 
deantngdieels* Suitable pressure sensitive adhesives indudesolvcnt-^oataU 
coatable* radiation-curable (eg.* E-beam or UV curable) and water-based emulsian type 
adhesives that are well-known in die art 

The adhesive may be qvead or sprayed onto Oesur&ce to be coated. Depending 
on the design of the cleaning dieet* the adhesive may be applied as a continuous layer* 
e.g.> onto die flexible baddng layer used to form the sheet, or qpplied in a discontinuous 
manner. For example, the adhesive may be sprayed into die bottoms ofeavities in the 
outer fibriesnrfice of ttie sheet bianotherembodiment, cleaning dieets may be fonn by 
^reading or graying discontinuous patches of an adhesive onto a flexible backing layer 
and laminating die adhesive-coated layer with a perforated &bric layer such that at least a 
poiti on of the adhesive coating is exposed dirou^ the perforations Qmles) in die fabric 
layer. If only a portion of die adhesive is esqwised* dio remaining adhesive may serve to 
bond and hold die two layns togediec. Alternatively* the entire^ of die adhesive-coated 
areas may be exposed by the holes in die fibric layer and die two layer may be held 
tog^her by anodier technique* e.g.* via stitching* melt bonding or odier convoitional 
mediods known to those in the art 

As used herein* die temsi *>ressure sensitive adhesive^ {^'KAT) refers to a category 
of adhesives which in diy (solvent free) form are aggresavely and pemianendy tad^ at 
room temperature. PSAs can generally finnly adhere to a varied of dissimilffsurfoces 
widiout requiring more dian finger or hand pressure to develop an adhesive bond. PSAs 
common^ have a su fficiendy cohesive holding and elasdc nature diat* desfrite dieir 
aggressive tackiness, PSA-coated articles (&g. , fifans (xr layen) can be handled widi die 
fingen and removed from smoodisurfifies widiout leaviqg a residue of adhesive. PSAs 
are generaUy soft polymer matrices which n»^y include an added tackifyingres^ PSAs 
are generally used in qiplications where only one surftoe requires coating with the 
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adhesive. An adhesive bond is developed by pressing a second surface (or individual 
particles of a second material, e.g.» dust, dixt and/or other debris) against the PSA-coated 
surface. 

Specific examples of suitable types of adhesives im:lude acrylic-based adhesives» 
eg., isooctyl acrylate/aorylic acid copolymers, styrene^acrylic polymers and tm^kified 
aoylate copolymers; laddfied ntbber4>ased adhesives. e.g., taddfied styroie-isoprene^ 
sQfrene block copolymei:^ tackified styrene-butadien&«tyrene block copolymers; nitrile 
rubbers, e.g^ aayfamitrite-batadien^ silicone-based adhesives, e.g^ polysiloxanes; and 
polyuretlianes. Ac^^cs are one particulariy suitable class ofadhesives for creating a 
tadofsurfice in die cavities offte present cleaning sbe^ Wide variations mchomcal 
convosition exist fiir the acrylic adhesive class. In general, adhesives ofdiis^e are 
copolymers fimned fiom monomBr mixtures whidi include ant least one of aa^ic add, 
meftacrylic add, salts thereof and esters fheieof Examples of acrylic adhesives are 
disclosed in U.S. Patent Nos. 4,223,067 and 4,629,663, the diselosuies of which are herein 
inooiporated by reference. 

The acrylics are often fomuilatcd as water-based emuldons, cg^ 30-60 wt.% 
acrylic emulsified in water whidi may contain a small amount of sur&ctant Thewater. 
based emulsion is sprayed or ofterwise coated onto a sur&ce (e.g., the flexible backing 
layer) and tfie water is evqKirBted,dther at room toxqierature or elevated ten^ieratures. In 
some instances, die adhesive may be cured, such as during drying with warm air mi/or 
tiiroughfte application ofIR or UV irradiation. Examples of cmnmerdally available 
waterbased anylic adhesives which may be used to form the present cleaning sheets 
include 4224-NF accyUc polymer (available from 31^ St Paul, MN), Jonbonrf^ 712, 
Jonbond® 745 and Jonbond^ 746 aciylic emulsion PSAs (avaihble fiom S.C Johnson 
PolymOT» Racine IH^sconstn). 

Ifot melt adhesivea and, in particular, hot melt pressure sensitive adhesives are also 
quite suitable for use hi producing the present cleaning sheets. Hot melt adhesives are 
fhermoplastie materials which are qyplied to a surface in molten form (e.g., after heating to 
a tenventure of dxmt 27S-3SffT) and then form a conventional adhesive upon cooling to 
a more viscous stale (generally at room temperatureX One cxaniple of a commercially 
available hot mdt pressuite sensitive adhesive which may be used to fonn Oe present 
deaning sheets is Easymelt® 34-5640, a naphthenic hydrotreated distillate hot mdt 
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(available from National Starch and Chemical Company). Other examples of suitable hot 
melt PSAs include Uni-FIex^ 34-1211 (available from National Staich and Chemical 
Company) and HL-2198-X and HM-1962 hot melt adhesives (available from HJ3. Fuller 
Company^ St Paul, MN). 

5 Dust Adhesion Agent 

In accordance with the por&nnance fimcti(ms typically required for the present 
cleaning sheet, it may be advantageous to incorporate some form of dust adhesion agoit in 
the fabric layo^. Herein^ agents which enhance the dost collecting capabilities of the 
cleaning sheet in some manner are referred to as '*dust adhesion agents.** For example, 

10 the fobric layer may be a nonwoven fiber aggregate layer which inchides a lubricant 
and/or sor&ce-active agent The sur&ce active agent may improve the surface phyacal 
properties of the fiber aggregate and enhance the cleaning sheet * s ability to absorb dust 
The inchiaon of lubricant can also impart ^oss to a surface bemg cleaned with the sheet 
as well as enhancing the dust collecting efBciency of the cleaning sheet 

IS The dust adhesion agents are commonly added in an an30untofO.l to 20 wt% 

(add-on wt% based on ftewdslht of die fabric U^beii^tieate^. More typically, no 
nune than about 1 0 wt% (add^n basis) of the dust adhesion agent is added to die fid>ric 
layer Particularly suitable embodiments of the present cleaning sheets include a fBbcie 
layer which has been treated wiA about 3 to about 10 wt% (add-on basis) of the dust 

20 adhesionagent As will be understood by di<»e skilled in the art, flie amount of dust 

adhesion agent utilized will dqpend on die specific type of fabric material being treated, 
the specific dust adhesion agent employed and the type of application the clearung sheet is 
designed to be utilized for, among other &ctors. 

Suitable hibricants for use as dust adhesion agents in die present cleaning sheets 

25 mchide mineral oik, synthetic oils, and silicone oils. Examples ofmineral oils ^ch may 
be employed include paraffin faydrocaibons, naphdttaic hydrocarbons, and aromatic 
hydrocarbons. Suitable syndtetic oils include alkylbenzene oils, polyolefin oils, 
polyglycol oils and the like. Suitd^le silicone oils include acrylic dimethyl polysiloxane, 
cyclic dimethyl polysilojcane, meb^t^drogen polysiloxaiie, and various modified silicone 

30 oils. 

The mineral oil^ syndiedcoils and silicone oils generally have a viscosity of 5 to 
100Oq>s, particularly S to 200 cps (at ZS^C). Ifdie viscosity is tower than about Sqis, die 
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dust-adsorbing property can be decreased. Iftbe viscosity is greater than abont 10(M)q)s, 
the lubricant can sometimes &il to spread unifomily on the fibm. In addition^ fiiction 
coefficient to the surface to be cleaned may increase, possibly causing damage of die 
snrfece to be cleaned. The mineral oils, synthetic oils and silicone oils commonly have a 
snrj6cetensionofl5to45dyn/cm,paitiaUarly20to35cyn/cm(^ Ifthesurfice 
tension is lower dian 15 dyn/cm, the dust-adsoibing prt^)erty of flic treated 6bric can 
become worse, and if it is higlher than 45 dyn/cm, the hibricant sometimes fails to spread 
uiiifiirmly (m die fibefs Goiistitatiiig the iMmwoven fibric. 

As indicated d)ove» the dust adhesi<m agents may inchide a siu&ctax^ The 
surficlant component typicaUyinchsdescationie and/or nomonicsi^ Examples 
of suitahle inchide cationie sur&ctanls include mono(long<hain 
aDgfQtrimelhylammonium sahs, di(long-chain alkyI)dimeaiylammonium salt% and 
mono(long-chain alkyOdimethylbcnzylammonium salts, each having an alkyl or alkcnyl 
group containiiig 10 to 22 carbon atoms. Examples of suitable include noniomc 
sur&dants indnde polyethylene glycol ethera» e.g., polyoxyediyleae (6 to 35 moQ primary 
or secondary hmg-cham (Cb - C a) alkyl or alkenyl ethers, polyoxyeHiyleiie (6 to 35 mol) 
(Cg* Cib) alkyi fbexsyl efeers, polyoxyeAylene polyoxyproj^lene block copolymen, and 
those of polyhydric alcohol type, eg., glycerol fetty acid esters, soibitan fatly acid esters, 
and alkyl glycosides. It is preforedflmt die surface active agent contains 5% by wdgbt 
less of water to enlmnce effective cleaning. 

The dust adhesion agents typically include a minor amount of a surfactant together 
wift a lubricant Typically. Ae dost adhesion agents include at least about 70 wt% and, 
preferably, at least about 80 wt% of a lubricant made up of minnal oil, synthetic oil 
and/<^ silicone oiL Oneexanq>le of a suitable dust adhesion agent is made up of 90-95 
wt% of a mineral oil such as pe&olatum or a related paraGBnic hydrocarbon together wifli 
5^10 WL% of a nonionic surfactant. e.g., a polyoxyethylene allgrl ether such as a 
polyoxy^ylene (CirCu) allgrl ^er having an average of 3*5 oxyethylene subunits. 

The present cleaning sheets typically are c^le of piddng up and retaming at 
least about at least about 20 gAn^ of dust. Stated otherwise, the cleaning sheet has a 
particle retention capad^ofaileast about 20 g^ml Prefaably^thecleaniQgsheethasa 
particle retention capaci^ of at least about 25 sfm\ more preferably at least about 40 gfm^ 
and* most prefeiablyp at least about 50 g/knl 
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The cleaning sheet may be used alone (c.g,, as a rag) or m combination with 
another implcment(s) to dean a surfecc. Examples of suitable cleaning implements that 
can utiUze the present cleaning sheet inchide mops, gloves, dustcre, rollers, or wipes. For 
example, Figure 8 diows sheet 10 attached to a mounting structure (shown as head 62). 
Head 62 inchides a caniage 80 providing festencrs 82 for mounting pad 10. An eloqgate 
rigid member (shown as a segmented handle 64) may be attached to carriage 80 by a 
inountiiig8tnictiire84. Mounting structure 84 includes a yoke (shown as an ami 86) 
havingay.sh^end88pivotallymountcdtoasocket(8hownasabanjoim9^^^ An 
advter(Aownasaccmnect0r«)threadabIyattachesami86tohand^ Accoidingto 
alternative cmbodhnents, the cleaning utensil niay be a bn)^ 
the Uke adapted to secure the deanbg sheet 

ReiisRing to Ftgim 8, Ae deaning sheet (shown as a dusting pad 10) b depicted 
attached to a head 62 of a ckanmg utensH (shown as a dust mop 60X accordu^ 
exemplary enibodhnent Pad 10 typically includes a badriiig layer secured to nonwo^ 
fiber aggregate layer with a pluraUty of tacky bottomed cavities for attracting and retaining 
particulate matter. Debris can be drawn into the cavities in the outer deaning surfeco 
and/or become entrqiped hetweax the fibers of the nonwoven aggregate layer when pad 10 
is moved dong a surface to be deaned (shown as a woric sur&:e 66 in Figure 8). 
Qeaning sheet 10 is generally somewhat flexible to permit surfices. with different 
contours (ag., smooth, irregular, creviced, etc.) to be deaned. According to an dtemative 
embodiment, die cleaning sheet may be semi-rigid, e.g., where it is designed to be utilized 
fi>r deaning planar surfeces. 

The deaning sheet may be attached to the deaning utensil by any of a variety of 
fisteners (e.g., fiiction clips, smews, adhestves, retaining fin^ etc) as are known to one 
ofddU that Toviews this disclosure. Acamli« to other dtemative embodiments, the 
deaning dieet may be attached as a single uni^ or as a pluraU^ of sheets (e.g., strips or 
flairs'* of a mqp). 

Accordmg to another embodiment, the components of the cleaning utensil, namdy 
die mounting structure, adapter and handle nu^ be provided individuaUy or in 
combmationsasakitorpackag& The components ofttie cleaning utensil may be readily, 
easily and quickly assembled and disassembled in the fidd (e.g„ work site, home^ ofiSce^ 
etc) for compactablity and quick replacement The coniponents of the cleaning utensil 
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inay also be piDvided in a pre-assembled and/or unitazy condition Inoneparticulaxly 
suitable embodiment, the cleaning sheet is configured for use with Oic Pledge® Grab-It''^ 
sweeper commercially available fiom S.C. Johnson & Son, Inc. of Ractne» Wisconsin. 
To clean sur&ce 66, pad 10 is secured to head 62 of mop 60. Pad lOisbrou^ 
S into contact with sur&ce 66 and moved along this surfice (e.g., in a horizontal direction* 
vertieal diiection, rotating motion, linear motion, etc.). Ddnris from sur£au:6 66 is 
entrained within the cavities in the outer fibric layer. Finer particulate material can 
become entrapped in pores between the fibers of Ac fidmc or bond to the adhesivecoa^ 
sur&ces within the cavities in the fibriclayer. After use, pad 10 may be removed finom 
10 tnop 60 fiMrdi8posalordeaning(e.g., washing, diddn^ According 
to an altemative embodfanent, fliecleaningsheet may be used alone (e.g., hand held) to 
clean the snrfiaice. 

(1) Breaking strength (cross machme direction) 

IS From each of the sheets, san^les having a widdi of 30 mm were cut out in the 

direction perpendiciilar to tiie fiber orientation in the sheet, i.e., in die cross madiine 
direction. The sample was chucked with a chuck-^o-chuck distance of 100 mm in a tensile 
testing machine and elongated at a rate of 300 mm/min in tiie direction perpoidicular to 
the fiber orientation. The value of load at whidi die dieet began to break (the first peak 

20 value of the continuous curve obtained by die stress/strain measuremait) was taken as the 
breaking strength. 

(2) Elongation at a load of 500 g/30 nun 

The elongation of the sample, at a load of 500 g in die measurement of the 
breaking streng;th in the cross machine direction described Fordie 
25 pmposes of diis qspKcation, '^dongadon'* is defined as the relative increase in length (in 
%) of a 30 mm strip of deamog sheet material when a tensile load of SOO g is applied to 
the strip. 

(3) Entanglement ooefiSdent 

The network she^ is removed firom the nonwovm fiber aggregate. Where die 
30 networic dieet has a lattice-like net structure^ thi s is typically aecosqi>lt8hed by cutting die 
fibos whidimake up the netwodc sheet at dieir junctures and carefblly removing die 
fiagmentsofdie networic sheet fiom die nonwoven fiber aggregate widi a tweezeis. A 
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san^le having a widdi of 1 5 mm is cut out in the direction perpendicular to the fiber 
orientation in tfie sheet (vt., in the cross machine direction). The sample is chocked with a 
chuck-to-chuck distance of 50 mm in a tensile testing niadiine» and elongated at a rate of 
30 mm/min in the direction perpendicular to the fiber orientation (in the cross machine 
direction). The tensile bad value F (in grams) with tesptcX to 0ie elongaticm of the ^mple 
ismeasuied. The vahie,>^ch is obtained by dividing the tensile load value F by tiie 
sanqple width (in meters) and die basis weight of the nonwoven Sber aggregate W (in 
gAn^ is taken as die stresses (in meters). A stress-strain curve is obtained by plotting 
stress C'S*') against the6loQgationC1rtrasn'*in%). 

Stress S[ml=(F/0.015)W 

For a nonwoven fiber aggr^ate^ which is held togdher on^ Orough the 
entanglement of the fibers, a stndght-line relationship is generally obtained at the initi al 
stage ofthestre8a*strain(eloQg8tton) curve. The gradiemoftbsstralglit line is calculated 
as die entanglement coefifidentE On meters). For example^ in ttieOIuslrative stress-strain 
curve ^ wn in FIG. 6 (whoe the vertical axis rqnesents ttio stress, the horizontal wds 
represents die strain, and O represents die origin), the limit of straight-line relationshq> is 
represented by P, the stress at P is represented by Sp, and die strain at P is rq>iesented by 

In such cases, the entan^ementcoefficient^is calculated as £=Sp/;^ Forexanq>le, 
when Sp«60m and ;i>'==86%,E is calculated as £==60/0.86^=70 m. It should be noted diat 
dielineOPisnotalw^stricdystiai^t Insuchcases,dielineOPisappfoxixnatedbya 
straiglht Une. 

The articles and methods of the present invention may be illustrated by the 
Sollowing examples, ixdiich are int e nded to illustrate the present invention and to assist in 
teaching one ofordinary skill how to make and use the invention. These examples are not 
mtended in any way to limit or narrow die scope of die present invention. 
Example I 

A serim siqiported polyesta fiber nonwoven dodi was ccmvcrted into a perforated 
nonwoven aggr^te sheet by cutting holes in die nonwoven aggregate in between die 
fibenoffiie supporting scrim. TheholeshaddimoisionsbetweaiaboutZmmandSmm 
andGross-secdonalnreaofabout4mm^toabout20imn^ The nonwoven dodi was 
formed by hydroentangling a polypropylene scrim sandwiched between two carded 
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IK>Iyester fiber wcJw* Tbt polypropylene scrim was a grid of 02 mm diameter fibers with 
a 9 mm spacmg between adjacent fibers and had a basis wei^ 5 Thetwocanled 
polyester wd» were formed fiom 1 .5 denier polyethylene tei^htiialate CTEF) fibers 51 
mm m length. Each ofdie carded polyester webs had a basis weight of 24 g/hi^ The 
combination of the polypropylene scrim and the two carded polyester wd>s was subjected 
to wato- needling Chydroentanglement") under low energy conditions to pn)duce a unitary 
nonwoven sheet having a breaking strength of 1500 to 2500 ^Omm (CD) and an 
etongation (at SOOg^O mm) of 4%. After removal of &e supporting scrim fiom the 
unitary nonwoven sheet, the remaining hydroentangled polyester wd> had an entanglement 
coefficient of 65-70 m. 

A prototype laminate cloth was constnicted iiom the scrim si^>ported polyester 
fiber nonwoven cloth described above and a polyester/cotton (65:35) sheet of simihr 
d imensio ns. The polyester/cotton sheet had a basis weight of aboi^ 1 13 g/m^ The 
polyester fiber nonwoven doth had a roughly SS* x 4.5'* (about 140 mn x 1 14 mm) 
portion which had been perforated wiA a plurality of holes cut out between the grid of the 
supporting scrim (as illustrated in Figure 5). The polyester/cotton doth was laid flat on a 
clean sur&ce and sprayed on one side wiA a ligh^ even layer of a pressure sensitive 
adhesive puro^ AU Purpose Spmy Adhesivr, available fiom Loctite Corp.). The 
perfinated polyester fiber nonwoven dolh was placed onto fiie adhesive coated side of the 
polyester/cottcm doth and patted down to ensure complete adhesion of the two sheets. 
The resdting laminate was albwed to stand at room tonperature for at least one hour 
permit residua] solvent to ev^orate fixMn the adhesive. The laminate was then cut to 
provide a sheet half the size of Oe deaning cloths {ST x 5.5**; about 200 mm x 140 mm) 
comnumly used with a standard Pledge^ Grab'It'^swe^. This permitted two test 
doths to be mounted side by side on the sweeper during testing. 

A second test cloth was prepared by simp ly laying a dieet of perfimted polyester 
fiber nonwoven cloth onto potyester/cotlon dodi whidi had not been coated with 
adhesive. Control laminates were constracted fiom sheets of polyester/cotton doth and 
unperforated versions of the scrim suppoited polyester fil>er mmwoven doth. Control 
laminates were prepared both widi and without an intervening layer of tiie Duro* All 
Purpose Spray Adhesive between the cloth layers. In addition to these two control cloths* 
a commerdaUy available cleaning clofli (Swifter™ dofii; available fiom Proctor & 
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Gamble^ Cincinnati. OH) was included in die dust pick-iqp/retentioii tests described below 
for comparison purposes. 

Comparison of Relative Dust PicWnp and Retentfon 

The contents of sevoal used vacuum cleaner bags were separated usin^ sieves to 
S obtain Aefiaction having particulate nfiatter with a diameter of abo^ This 
fiacdon was used to conduct the following dust pick-up test A 10 g portion of the 200- 
S(K) ^m dust fraction was evenly distributed onto a 6 inch square (about 1 5^ cm square) 
vinyl floor panel For each expoiment, the test cloth was weighed prior to being attached 
to a standard Pledge® Grab-It™ sweepar. The sweqier was then w^>ed back and forth 
10 over the test floor panel for 30 seconds. After wiping, ttie sweeper was given a single 
diake to dislodge any loose particles. The test cloth was OencaxefbDy removed and 
wdgbed again to detennine the weight of dust that had been pi(tod up and le^ 
testclodt 

The ^pes cloths used in Ae dust pick-upAwtention tests are listed in Table 1 below. 
IS As shown in Figure S, the ri|(ht and left cloths for each test were mounted side by side ona 
standard Pledge^ Grab-It™ sweqper. The mchision of an adhesive layer ui die left hand 
dkrth in Test 1 produced a clodi widi an outer £edmc surface bavi^ 
bottomed cavities (where die adtesive was exposed by the perforarions tn dte outer 
noowoven layer). 

20 The resuhsoftfae test are diown in Table 2 below. The test establishes the 

enhanced efifectivcness of ctoths widi tacky bottomed cavities for cleaning dirty surfic^. 
The cleaning clodi with tacky bottomed cavities in its outer cleaning surfi^ (Test 1 Left 
cloth) exhibited twice the dust capacity of the coixe^Mmding cavitxed cloth without 
adhesive (Test 2 Left cloth) and rou^ty five times die dust edacity of eidier an 

25 utq^erforated control lacking adhesive (Test 2 Ri^t cloth) or a commercial cleaning dodi 
(Swiffcr'™ cloth; available from Proctor & Gamble, Cincinnati* OH). The clodi with 
tacky bottomed cavities was also considoably more effective at dust pick-up/retenticm in 
comparison to an uiqperforated adhesive containing laminate, even thou^ a small amount 
of adhesive had q>parendy leaked though onto die cleaning surfoce of the unperforated 

30 analogue (Test 1 Right clodi). 
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Table 1 

Test aotfaa for Dnrt PliJcIIp T^t 



1 Cavitied laminate w/ 

adhesive 



Right gfttt 

Control laminate w/ 
adhesive^ 



Cavitied laminate w/o 
adhesive 

SwifBer™ cloth 



Control laminate w/o 
adhesive 

Swiffer™ cloth 



> a smafl anwiiDt of adhcahre appealed ID have leaked duoi^ to tito 
lealclodL 



Table! 
PM«tPtelcJlnl»vT^»n»*fc. 



LeflClotii 

DB8t(g ) 



Right Clodi 

PMtt(g > 



1 
2 
3 



0.94 
0.47 
0.16 



0.35 
0.20 
0.18 



Polyester fiber w A having a basis wdgbt of 1 0 gfm* can be prepared by a 
conventional eatdiog machine fi(m polyester fiber SI mm IB lei^ 
diameter. The fiber web is lapped in 3 layers (30^^ and k^ofttielqiped fiber web 
are overtaid on tfie iqiper and lower sides, respectively, of a biaxiaDy duinkable 
polypropj^ene net (mesh: 5, fiber diameter 0.21Smm). Iherestdting combination is 
subjectedtoawaterneedlinginDcessloeDtanglediefiberw^aBddwnet Thewater 
pressure osed in die water needling process is about 3S-40 kg/cm* at anonle pitch of 1.6 
mm while the combination ot fiber web and polyprapyleae net is moved past die nozzles 
at8linespeedof5n]/min. The bydioentangled combination is then sutgeeted to heat 
treatment widi hot air (130<>C) for about 1-2 minutes to simultaneoasly diy dte wd> and 
shrink the polypropylene net. This produces a leinfoicednonwovenaggi^ate having an 
area shrinkage coefiBcient of 1 0% in which dqiresaons and projections are foimed over 
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flxe major surfiM«s. IT desired, 5 wt% (based on ttie wdght of the fiber aggregate) of a 
dust adhesion agent (viscosity: 125 cps, surface tension: 30 dyn/cm) consisting of 95% of 
liquid paraffin and 5% of nonionic surfectant Cpolyoxcfljylaic (average mol number 33) 
(Ci2-Cw) alkyl ether) can be applied to tbc reinforced nonwoven aggregate to enhance its 
dust collecting capabilities. A plurality of holes are then cut out of the nonwoven mataial 
in the areas between the filaments of the net, eg., with a punch or a sharp knife, to fonn a 
perforated nonwoven aggregate which can be as a fabric layer in producing cleaning 
sheets according to the present invention* 

While ttiemaidmg and using of various embodiment^ are discp 
herein* it should be qvpredated that the present mvention provides inventive cmicepts 
which can be embodied in a wide variety of specific contexts. The specific embodfanents 
discussed herein are mendy Ohistrative of specific w^ to indce and use de^^ 
and are not meant to limit die scope of tike imrentioa Various modifications and 
combinations of the illustrative embodiments, as well as other embodiments of die 
invention, win be apparent to persons skiUed in the art iq^n reference to the d^ 

TNDT?5miTAT. APPT TPAPn TJY 

The cleaning sheet of the presmt invention can be manufiictured using 
conmierdally available techniques, equipment and material. In addition, the cloth may be 
used on a variety of surfiu^ such as plastic, wood, carpet, &bric glass and ftkt like, 

Geaning implements and methods of cleaning sur&ces using the cleaning sbe^ are 
also provided herein. The cleaning unplemcnt may be produced as an intact implement or 
in die form of a cleaning utensil kit Intact implements include gloves, du^ors and rollers. 
Kits according to die presmit inventioUt which are designed to be used for cleaning 
surfaces, commonly include a cleaning head and a deam^g sheet cs9>able of being coupled 
todiecleanmghead. In addition, die kit can include a yoke cqisAIe of installatim on di^ 
deamng head and an dongate handle for attachment to die ydcB. Whedierpiovidedasa 
comiddely assembled cleaning implement or as a kit, die deanii^ implement preferably 
mehides a deanir^ head whidi allows die deanmg dieet to be removably attached to die 
deaninghead* 
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CLAIMS: 

1) A cleaning sheet comprising: 

a fibric layer secured to a flexible backing layer so as to define an outer 
fidiric surfiice with a plurality of cavities therein^ wherein die cavities include a 
tadcy surface therein. 

2) The cleaning sheet of claim 1 wherein the fiibric layer is a nonwoven &biic layer. 

3) The cleaning sheet of claim 2 between the nonwovea&bric layer comprises a 
nonwoven fiber aggrc^c. 

4) The cleaning dieet of clahn 1 further comprising an adhesive layer disposed 
between the £dmc layer and die flexible backing layer. 

5) The deantng dieet of claim 4 wherein the fibric layer has a phnali^ of apertures 
dtetednous^ which expose aportion of the adhesive layer 1herd>y forming the 
cavities including a tad^ bottom sur&ce. 

o 

Q The deaningdieet of claim 1 wherdn the tacky bottmi surface inchtdes a pressure 
sensitive adhesive. 

7) The cleaning sheet of claim 1 wherein 4he cavities encompass 5% to 25% of die 
outer fiibric surface. 

8) The cleaning sheet of claim 1 wherein the fabric layer is secured to the flexible 
backing layer by an intervening adhesive layer. 

9) The cleaning sheet of claim 1 wherein the cavities have a cross-sectioitti area 0^ 
least 1 mm^. 
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10) The cleaning sheet of claim 1 whmin fhe cavities have an average cioss-sectional 
dimension of 1 nun to 1 0 mm. 

11) Thecleaningsheetof claim I wherein said cleaning sheet has a paitider^catioin 
capacity of at least about 20 g/!m^ 

12) A cleaning sheet comprising: 

a first SQi&ce comprising a nonwoven fiber aggiegate layer; and 
a flexible badcmg layer secured to the nonwoven fiber aggregate layen 
whom the first sorfiue has a plurality of cavities dieran» tiie cavities 
including a tacky suhbce ca^rable of retaining particles. 

13) The cleaning sheet of claim 12 whereiniliB nonwoven fiber aggregate layer has a 
phnality of apertures therethrough. 

14) The cleaning sheet of claim 12 wherein tfie nonwoven fiber aggregate layer inrdier 
ccnnprises a dust adhesion agent 

1 5) The cleaning dieet of claim 1 4 wherein the dust adhesion agent mchides lubricant, 
surfactant or a nnxture thereof 

16) The cleaning sheet of claim 12 wherein the nonwoven fiber aggpii^te layer has a 
basis wdght of 30 to 100 g/m^ 

17) The cleaning sheet of claim 12 wherein fte nonwoven fiber aggiegate layer 
ittchules anetwodc sheet 

18) The cleaning she^ of claim 1 7 wherein the network she^ is a fiber net or a 
perforated fifaiL 



19) 



A deaning sheet conyriang: 
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a Donwoven fiber aggregate l^er secured to a flexible backing layw 
adhesive disposed between the fionwoven Sber aggregate layer and die 

flexible backing layer, 

wherein die nonwoven fiber aggregate layer has a plurality of apertures 

thereOrough, abasis weight of 30 to 100 g/ia and a CD initial modulus of 20 to 

800 m; and 

wherein the apertures expose at least a portion die adhesive. 

20) The cleaning sheet of claim 19 having a breaking strength of at least 500g/3O mm 
and an d<mgation at a load of SOOg/30 mm of no more than 25%. 

21) A mediodofcleaning a suifice comprising contacting said surfii^ 

sheet wfaicb includes a first surfice comprising a nonwoven fiber aggregate layen 
and 

a flexible baddng layer secured to the nonwoven fiber aggregate layer; 
wherein the first mbsc has a plurality of cavities theieiny die cavities 
inclttdiQg a tacky surfiice equable of retaining particles. 

22) A cleaning implement comprising: 

a cteantog sheet which includes afibrie layer secured to a flexible b^tdng 
layer so as to define an outer febric sur&ce with a plurality of cavities therein, 
vrtierein the cavities include a tacky sui&ce therein. 

23) The cleanmg inqilement of claim 22 further comprising a cleaning head; and 
wherein the cleaning dxe^ is removably attadied to the cleaning head. 

24) The cleaning implement of claim 22 wherein said implement is a mop, a glovc» a 
dust^, a rollcTt or a wipe. 

25) A Gleaning utensil kit for cleaning sur&oes conqprismg: 

a cleaning head; 
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a cleaning sheet capable of being coupled to the cleaning head, the cleaning 
sheet mcluding a fabric layer secured to a flexible backing layer so as to define an 
outer fibric air&ce with a plurality of cavities therein, wheiein the cavities include 
atacky sur&ce dierdn. 

26) A method ofpioductng a cleaning sheet comprising: 

coating a pressure sensitive adhesive onto at least one sur&ce of a flexible 
badd]]^ layer; and 

secoring a fidiric layer having a phirality of iqwrtures therethrough onto the 
coathig of die pressure sendtive adhesive; 

27) AcleaniiQshectcoinprisiiig: 

a fihric layer faaviog at least onesuycnrfibric surbcewilli a plurality of 
cavities tfiereiii, wherein the cavities include a tacky sio&ce ttierein. 

28) A cleaning sheet comprising: 

a nonwoven fib er aggregate i ayer secured lo a flexible backing byer; 

wherein the cleanmg sheet has a breaking strength of at least 500g/30 mm 
and an elongation at a bad of SOOg/30 mm of no more than 25%; and the 
nonwoven fiber aggregate layer has a phirality of apertmra tiieretfanmgh, a basis 
wdght of 30 to 100 and a CO initial moduhis of 20 to 800 m; the q>ertures 
having an avenge cross-sectional dnnenston of 1 mm to 10 mm. 
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FIG. 6 
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FIG. 8 
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